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PREFACE

lin an earlier research study report entitle: "Wargaming Analysis of Ammunition Flow

Rates", Armament Systems, Inc., (ASI) developed a series of detailed matrices which portrayed

daily ammunition expenditure rates for eleven different combat battalion sized units.1ts

were provided for both high Intensity and mid-intensity scenarios. The battaliJon id were then

grouped into ten different brigade configurations and expedlure0demt'-seim ized for each mix

of units engaged in high and mid-intensity conflicts.?h final part of the report examined the

available unit vehicles used for the transport of ammunition and, based on vehicle capacities, the

number of ammunition convoys per 24 hour period required to transport the ammunition for

ocin type unit was developed for each scenario. This effort provided the necessary technical oase

information for performance of this follow-on task entitled "Ammunition Reconfiguration

Module Operating Characteristics and Rates,,
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I INTRODUCTION AND B/CKOROUND

For the post three or more years, the U.S. Army Human Engineering Laboratory (US&'HEL)
has been doing extensive technical base work In the development and expansion of a new concept
for ammunition resupply. This concept, which utilizes in-theater repackaging of ammunition,
Is intended to support the Airland Battle and the transition to Army 2 I. It represents the first
significant attempt to Introduce high technology into the Army's battlefield logistical system.
During this period, significant analytical work has been done in looking at the flow rates through
the major component within the concept, the "Ammunition Reconfiguration Module (ARM). The
studies have looked at the flow rates of ammunition through the ARM as a function of the
Intensity of the battle scenarios.

Advanced research toward the development of robotic, autonomous and semi-autonomous
submidules for the unloading, sorting, unpackaging, repackaging and uploading of ammunition Is
being undertaken by various materiel development agencies. In order to develop the submodules
with the proper operating characteristics, It will be necessary to thoroughly examine the
detailed flow rates of ammunition through each of the four planned submodules within the ARM.
Since the major function of the ARM submodules is to reconfigure ammunition from It's current
wholesale logistical pack Into a battlefield pack, and since this equipment will be primarily
robotic, It is mandatory that a well defined operating characteristics envelope be developed

II OBJECTIVE

The objective of this work effort is to examine the flow rates of ammunition through each
of the four submodules of the Ammunition Rconfiguration Module to develop the envelope of
operating characteristics for each of these submodules that will provide the required amount of
ammunition to meet the predicted threat. (NOTE: As indicated In the preface, the analytical
effort described in this task is based on the results of the previously completed study entitled
"Wargmming Analysis of Ammunition Flow Rates").

III STATEMENT OF WORK

In order to carry out the above stated objective, the following subtasks were established.

a. Identify the appropriate mixes of ammunition that will be stored and issued from the
ARM by generic type d quantity. Within these mixes, identify those types of ammunition
which must not be r oiured from today's logistical pack to a tactical package.

NOTE: It will be assumed that the logistical (wholesale) packaging of all
ammunition is done as it is today.

b. Identify by type and quantity, the ammunition which will be repalletIzed Into a mixed
l but will not be reconfigured from It's basic packaging,

c. Identify by type and quantity, that ammunition which will t1 issued in the same
configuration In which It Is received (no repalletizing or reconfiguring required).
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d For the ammunition which requires reconfiguring, identify the flow rate throuh each
of the ARM submodules In order to meet the expected demanL This shall Include an analysis of
the transfer of the ammunition from the submodule, and back to the output storage buffer.

a Identify the quantity and breakdown (wood, steel, etc.) of scrap material that will be
generated during the reconfiguring of ammunition packages.

f. For each of the four submodules of the ARM, analyze the required flow rates and
prescribe the operating envelope that will be the goal of the engineering development for each of
these submodules. All analytical effort required shall be included in the documentation.

IV DISCUSSION

A. Ammunition to be Stared and Issued From the ARM

As indicated above, the first subtask requires the identification of the appropriate mixes
of ammunition that will be stored and issued from the ARM by generic type and quantity.

For this analysis it is assumed that a division will be supported by four Ammunition
Reconfiguration Modules (ARM) which is the sutoessor to the ASP and four ammunition transfer
points (ATP's). One ARM and one ATP will be dedicated to each of the division's three brigades.
The fourth ARM/ATP will supply ammunition to the divisional and General Support (GS) units.
Table I shows that the demand on a ARM for a 24 hour period based on a mid-intensity scenario
for one brigade of a heavy division is approxmately 1500 Short Tons (ST). (The tot) demand
is 1740 ST. TheATP issues 300 ST to the brigade, but the arm issues 60 of these ST to the
ATP). Note that this particular brigade has three tank, two mechanized Infantry, and one
155mm Howitzer battalion plus an air defense battery and an engineer company. The demand

generated by this brigade is representative of a "typical" brigade in an armored division. The
demand generated by a specific brigade In a specific scenario Is a function of the number of tank
and mechanized infantry battalions (which can vary from two to seven) assigned to the brigade.
Other studies have shown that the deily tonnage demand for a bri gade can vary from I 100 to
1900 ST per ds. However, In this study, only one brigade structure will be used, but the effect
oft 202 variation in the demand will be examined. These demands are Identified by generic
type and quantity in Table 1. Items identified with one asterisk represent those types of
ammunition which must be reconfigured from today's logistical (wholesale) pack to a "near bare
round" tactical package.
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T.e1-Demardbn ASP AM (I1S0051/24HIOWaS)
(Mid I ntensl ty Sce~ar io )

Tw&3ns.MechM -Bn Arty - IOn. ADA - I Sty. Engr - I Co. ATP: TOTAL' 2OTOTAL
155 mmPri .0 00 45926 0.00 000 27-62 486-88 : 32.462

1mmr 00000 18753 0.00 0.00*..... 12-28 199.81 13.321
.105m343 0.00 000 0.00... .00o 21.48 3166 41 24.432
42 In* 130.01 86-68 000 .. 0.00 000 0.90 216.69 .14.451
TO* 1050 49.72 000 0.00 000 0.00 622 .1

oQAOO 00 719 '000 0.00 0.00 w 0.00 w 1719 1. 15 x
SlINGER 0.00 000 000 6,02 0.00 0.00 6.02 0.401
66 mm 1.84 2.70 000 0.00 000 0.001.... 4541 . 0.3101
40 mADA '0. 00 0.00 000 1846 0.00 0.00 18.46 1.23X
4OMM 6rer, 0.37 1.96 053 0.20 002 0.00 3.09 0.211
40 mm Smk 25.05 19-15 1 06 0.00 2 .45 0.00 47 .6

20m 03 22300 00 0.00 0.00 22-90 15631
S6.c .0 1473 1.2.103 1 0 6 0 .6 .5 0.93 0.00' . 9.41 1.292
45 Cal.. 0.09 0.02 0.00 0.00 0.00 s 0.00 0.11 0.012

7EMM 17.31 1.00.13 0.16 0.02 0.00 19.53 1.301
.mm 147 724 120 0.65 0.47 0.00 1 064..041

TOAL546 21.3 578 2653.89 61.39 1500-00 : 100.001

X afTOTAL 36.442: 1408%: 43.39X 1.74X: 0.26X. 4.09X2 100001z

- (~ires Reconfiguration

Tables 2 and 3 provide simi1lar information based on factors of 1200 and 1800 ST pe 24
hour periodi (t 20X).

Table 2 - Demrand bn ASP /ARM ( 1200 $11/24 Wowrs)
(Mid Intensity Scelarto)

Tank - 3Bns.:Msch. 2 Bns- Arty - IlBn, ADA - IlBtry. -Engr - I Co. ATP TOTAL. of TOTAL
155 mm Proj 0.00 : 000 367.41 0.00 0.00 2210 389.50 32,46X
l55tm Prop' 0.00 000 150.03 0.00 0.00 9.82 159.85 13.322
105Imm 275.94 0.00 0.00 0.00 0.00 1719 293.13 24.431
4.2 In 104.01 69.34 0.00 : 0.00 0.00 0 00 173.3S 14,45X
TOW 8.40 39.78 0.00 0.00 0.00 0.00 48. t8 4.012
DAoN '000 l375 0.00 0.00 0.00 0,00 13,75 1.151
STINGER 0.00 0.00 0.00 4.81 0 00 0.00 - 4.81 0.401
66 Mm 1.47 2.16 0.00 0.00 0.00 0.00 3.63030

4mAA0.00 '0.00 0.00 14.77 0.00 0.0047123

40.m1 rn 0. . .29 17 0.43 0.16 0.02 0.00 2.47 is021
40 mm 20.04 1532 0.85 0. 00 1.96 0.00 38.17 3.181
25 mm 0.29 18.02 0.00 0.00 0.00 0.00 18.32 1.53X
so al 11.79 1.62 0.85 0.52 0.74 0.00 15.53 1.291
4 cal 00*7 0.02 0.00 0.00 0.00 a 0.00 0.09 0.011
762mm 1385 1.52 0.11 0.13 0.02 0.00 : 15.62 1.301
556 mm 1.18 5.79 0.96 0.52 0.38 0.00 : 8.83 0.74X

TOTAL 437.34 168940 520.62 20.92 3.11 49.11 :1200.00 100O.001

X dTOTAL 36442 1408X 43392 1,741 0.261 4.092 100001:
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Table 3-Dunmr.pn A5P/ARM 1~800ST/24 ir)
.... .... ....... (mid Intensity 5caW aIO)

:To* - 3 Ms . - 2Bns.: Arty - I 6n. ADA - I Stry. Engr - I Co. ATP: TOTAL X ofTTI
15S mm Prof....000 0.00 ~5i 1i 0.00 0100 33.15 584.26 312.46X
i55mmProp' 0.00 0.00 22504 0.00 0.00 14.73 . 239.77 13.32X
105 MM 413.91 ' 0.00 000 0.00 0.00 25.78 : 439.69 : 24.432
4.2 In 1560 104.01 0.00 0.00 0.00 0.00 260-03 14.453

T~I1260 59.67 0.00 0.00 0.00 0.00 7226 4.013X
DAO 0.00 '20.63 0.00 0.00 0.00 0.00 20.63 1. 1 5
siuR0,00 0.00 000 7.22 0.00 0. 00 A. 7.22 0.40X

66m 2.21 3.24 000 0.00 0.00 0.00 5.45 0.30S
40OmD 0-00 000 0.00 22.15 0.00 0006 22.15 1.23X
40 mm Oran 0.44 - 2.36 0.64 0.25 0.02 0.00 3.1: 0.213X
40mm Smk 30.05 22.98 1.28 0.00 2.93 0.00 57.25 3.18X
25 MM 0.44 27.03 0.00 000. 00 0.00 6 27.48 1.53X

S i1.68 2.43 1.28 0.79 1-200: 23-29 1.29X
.45cei 0 .1I1 0.02 0.00 0.00 0.00 : 0.00 : 0.14 0.013

76~m 277 28.16 0.20 0.02 0.0 23.441.0
5.56mm17 6 1.44 0.79 0.5 0.00 . 1250.74X

TOIAL. 656.00 253.35 780.94 31-38 : 4.67 : 73.66 :1800.00 1 100.003

Of TOTAL 36443 14.083 43.393 1.74X. 0.26X3 409X3 100.003

It should be noted that approximately 20X of the ammunition Issued by an ATP Is
procse througi an ASP/ARM. (Tho reminder comes via direct throughput from a Corps
storage aes (CSA)). These Items are the high tonnage, high usage items and are normally those
some type Items that require reconfiguring from a logistical (wholesale) package to a tactical
package. In this study It Is assumed that theATP will Issue 300 ST per day and will stock only
I105mm tank and 1 55mm artillery ammunition. Of the 300 ST, 60 ST will be provie by the

ASP /ARM. (NOTE: A division commander may identify other high tonnage, hi density items
that he desires to be Issued from the ATP such as thelTOWm issl les). As shown In Table I, three
such Items, the I 55mm projectile and the propellent charge and, the I105mm tank round
represent 70.2X of the total daily tonnages of ammunition flowing through an ASP/ARM.

B. Ammunition to be ReoAlletized into a Mixed Load But Not ReconfioUred From It's Basic

Subtask Wb requires the identification of ammunition by type and quantity which will be
repalleized Intoa "mixed pellet" but will not be reconfigured from It original basic wholesale
type pwcagng WomnIlly, these types of ammunition are those Items In which a company sized
units daIly duan'de are lees than a full pallet of inch type round. The objective of a "mixed
palletr Is to provide a pallet with boxes of the various types of ammunition (usually consisting
of the smaller caliber ammunition, grenades and pyrotechnics) to meet a type comnpany's needs
forsa24 hour period If a manuvr battalion Is picking up ammunition for It's lettered
companies twice a day, then a mixed pallet should Idelly be configured to meet a half-day's
requrement for the company becas of the limited storage capabi lity within the company.

The "Mixed Pallet" concept offers two major advantages. First, It significantly reduces
the time and labor requirements at the unit level. Under the current system. a battal Ion picks
up full pellets of a single type ammunition at the ASP. A battalion ammunition convoy may have
part of the ammunition required by each company on each vehicle. This means that either the
ammunition must be unloaed at the battalion trains area and broken down into the requirements
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for a compuny and then uploded for movement to each of the three lettered companies, or all
of the battalion ammunition resupply vehicles must sequentially visit each of the three company

e and off-lo the required mix of ammunition. Either method is time consuming and labor
Intensive

Under the "mixed pallet" concept, a mixed pallet containing the types and quantities of each
type of ammunition required by each company is picked up at the ASP/ARM together with the
full pallet quantities of the other types of ammunition required by each company. Each truck is
loaded with a company sized load so that one truck each proeeds simultaneously to each of the
three lettered line companies. This avoids the delays In the battalion trains reducing both time
and labor at the unit level where labor and time are both critical. (See AI Report: "HELFAST I I
Testing- -Assembly of Unit Configured Loads from an Armored Battalion Configured Field Storage
Unit", dated March 1985 for further Information on the Unit Configured Load of which the
mixed pallet is a part).

The second major advantage of the "mixed pallet" is that It can be configured ahead of time
at theASP/ARM where skilled labor and materiel handling equipment are available. This
significantly reduces the time a battalion vehicle is at an ASP/ARM picking up It's required
ammunition. As one pallet provides the ammunition previously stored at several field storage
units (FSU's).

Using the same brigade structure as shown In Table 1 and based on a mid-intensity
wrgame soenario, an analysis was made of the quantities and types of ammunition that would be
required by each type unit within the brigade structure which could most appropriately be
included in a mixed pallet for each lettered company within the battalion. This Information is
shown in Table 4

Based on the Information shown in Table 4, it can be concluded that:

a. It is feasible to issue one mixed pallet per day to an M I tank company
containing the following:.

2 Boxes 40mm Grenades
12 boxes 40 smoke Orenades, M257
21 Boxes 40mm Smoke Grenades, M239

8 Boxes 40mm Smoke Grenades, M259
2 Boxes 25mm Linked
5 Boxes 5.56mm Ball.

b. It Is feasible to Issue one mixed pallet of ammunition per day toan M60 tank
company containing the following-

2 Boxes 40mm Rifle Grenades
15 Boxes 40mm Grenades, Smoke M257
8 Boxes 40mm Grenades, Smoke M259
2 Boxes 25mm Linked
5 Boxes 5.56mm Ball.
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Tabli 4 - Tvolicl Mixed Pallet Configurations By Tvye Battalion
(Ammunition Expended In a 24-Hour Period)

No. Ads Excenod NO. RdS No. packs No. packs ier Total Total
Type Ammo. Weapon by *a. company per pack por pallet day per co. pllets tons

4om Rfl Gren Rifle 70 50 36 1.4- 2 .04 .04
40am Smoke Gren. M257 48 4 99 12.0-12 .12 .15
40m Smoke 6ron, M239 84 4 99 21.0-21 .21 .27
40mm Smoke 6ren, 1259 32 4 99 8.0- 8 .0 .10
25mm CFV 40 30 30 1.3- 2 .04 .03
5.6mm Bell Rifle 7450 1640 48 4.5'- 5 .09 .13

.58 7(1440 Ibsj

40m Rfl Gren Rifle 70 50 36 1.4- 2 .04 .04
40mm Smoke Gren. M257 58 4 99 14.5-15 .14 .16
40rm Smoke 6ren. M259 32 4 99 8.0- 8 .08 .10
25mm CFV 40 30 30 1.3- 2 .04 .03
5.56mm Ball Rifle 6750 1640 48 4.1 - 5 .09 .15

Mach lof Co W/S.FVS
40m Rfl Gran Rifle 565 50 36 11.3-12 .31 .32
40m Smoke Grn. M259 168 4 99 42.0-42 .42 .53 "o
40am Smoke 6ren. M243 96 4 99 24.0-24 24 .30
40rm Smoke Gren, M239 84 4 99 21.0-21 .21 .27
7 62mm Bell Machine Gun 6240 800 48 7.8- 8 16 31
50 Cal Ball M13 & M107 1387 200 48 6.9- 7 .18 .33

! 52 2.06 (4120 1bs)

Mfch Inf Co W/M 113

40am Rfl Gron Rifle 645 50 36 12.9-13 .36 .36
40mm Smoke 6ren, M243 316 4 99 790 - 79 .80 1.00
40rm Smoke ren. M259 312 4 99 78.0-78 .79 .98
40am Smoke 6ren. M239 9 4 99 23- 3 .03 04
7.62mm Ball Iachine Gun 5733 800 48 7.2- 8 '15 .28
5.56mm bil SAWIRifle 21619 1640 48 13.2-14 27 43

2.40 3.09 (6180 lbs)

40m Rfl 6ren Rifle 270 50 36 5.4- 6 .15 .15
40rm Smoke 6ren. 11243 104 4 99 2.6- 3 .26 .33
50 CalBalI Machine un 1792 200 48 8.9- 9 .19 .34
7.62mm Bell Machine un 920 800 48 1.2- 2 .02 .05
5.56mm Bell Rifle 17200 1640 48 10.5- 11 .22 .37

.IF I24(2480 Ibs)

40mm An Gren Rifle 330 50 36 6.6- 7 ,18 .18
40mm Smoke Grn, M259 192 4 99 48.0-48 .48 .61
50 Cal Baill Machine 6un 3307 200 48 16.5-17 .34 .64
5.S6mm all SAW/Rifle 27148 1640 48 16.6-17 .42 .64

5.56mm 8al SAW/Rifle 26684 1640 48 16.3-17 .40 .61
7.62mm Ball Machine un 427 800 48 .5- 1 .01 .02
40mm fl Aren Rifle 50 50 36 1.0- I 08 08
So Cal bail Machine 6un 6293 200 4 31.5-32 .66 1.21

T 15 1.92 (3840 ibs)
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c. It is feasible to Issue two mixed pallets per day to a mechanized infantry
company equipped with Bradley Fighting Vehicles. Pallets should consist of the following.

6 Boxes 40mm Rifle Grenades
31 Boxes 40mm Smoke Grenades, M259
12 Boxes 40mm Smoke Grenades, M243
I I Boxes 40mm Smoke Grenades, M239
4 Boxes 7.62mm Ball ammunition
4 Boxes 50 Cal Ball ammunition.

d It Is feasible to Issue 2 mixed pallets per day to a mechanized Infantry company
equipped with M 113 APCs. Pallets should consist of the following.

7 Boxes 40mm Rifle Grenades
40 Boxes 40mm Smoke Grenades, M243
39 Boxes 40mm Smoke Grenades, M259
2 Boxes 40mm Smoke Grenades, M239
4 Boxes 50 Cal Ball
7 Boxes 5.56mm Ball.

e. It is feasible to issue one mixed pallet of ammunition per day to a I 55mm
self-propelled field artillery battery consisting of the following;

6 Boxes 40mm Rifle Grenades
3 Boxes 40mm Smoke Grenades, M243
9 Boxes 50 Cal Ball
2 Boxes 7.62mm Ball

11 Boxes 5.56mm Ball.

f. It Is feasible to issue two mixed pallets of small arms ammunition to a
self-propelled air defense artillery battery each day consisting of the following:

4 Boxes 40mm Rifle Grenades
24 Boxes 40mm Smoke Grenades, M259
9 Boxes 50 Cal Ball
9 Boxes 5.56mm BalI.

g. An engineer company demand for small arms ammunition exclusive of 50 cal
ball is too small for a mixed pallet each day end too large when the 50 cal requirements are
added. It Is therefore not feasible to preconfigure and issue mixed pallets of small arms
ammunition to an engineer company.

NOTE: The authors are aware of the actual test assembly of
only one configuration of a mixed pallet of ammunition.
Although the above listed mixed pallets are reasonable in terms
of total weight. It Is recommended that limited field trails be
conducted to determine the best arrangements of the various
boxes on a pallet to check the cube for each mix and the Integrity
of a pallet containing boxes of several types and dimensions.
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C. Ammunition Flow Rates Through and Operatino Envelones For The ARM Robotic

Subtask "d" calls foo an Identification of the flow rates of ammunition through each of the
ARM submodules in order to meet the expected demand. This includes an analysis of the transfer
of the ammunition from the unload submodule to the input storage buffer; back to the
reconfiguration submodule; and back to the output storage buffer. Subtask "f" is similar In that
it requires an analysis of the flow rates and the operating envelope for each of the submodules.

1. Download Submdule - The function of the download submodule is to rapidly
and automatically unload palletized ammunition from the bed of a transportation long-haul
vehicle onto a platform in the ARM so it can be sorted for further processing. The long-haul
vehicles will normally be either a 22 1/2 ST, a 34 ST stake and platform (S&P) semi-trailer
or Palletized Loading System (PLS) flat racks. The palletized ammunition may be in a container
in which case a slipsheet will be used to pull the ammunition out of the container on to a working
platform (See Figure I ), or it will be located directly on the flatbed of the semi-trailer or PLS
(See Figure 2). As shown In the schematics of Figures 1 and 2, the operating envelope for the
downloading submodule can be a 25 ft, radius for the manipulator arm and end effector with
3600 operating circle. This permits the unloading of palletized ammunition directly from a

9 long-haul vehicle, MILVAN, ISO container and/or PLS platform onto a conveyor.

The rate at which the downloading submodule is to operate is dictated by the TRADOC
requirement that an ARM be functional, I.e., capable of supplying ammunition to customers,
within two hours of arrival at a new site. In order to have the required amount of ammunition
redy for Issue within this two hour period, the downloading submodule requires an average
operating cycle time of 20 seconds per lift.

The average pallet of ammunition that will be processed through the downloader weighs
approximately 1223 pounds. However, since 155mm projectiles are usually shipped with
three pallets banded together,the average lift is 2188 pounds. for each cycle of the downloader.
Based on a total of 1070 ST of ammunition to be loaded and reconfigured each 24 hour period,
982 unload cycles would be required, assuming one pallet of either 105mm, 4.2 inch or three
pallets of 155mm projectiles would be downloaded on each cycle of the downloader. With a cycle
rate of 20 seconds, 5.45 hours would be required to download the 1070 ST. During a surge
operation, when the delly tonnages could be expected to increase to 1284 ST, the time to
download would climb to 6.54 hours. These times assume a continuous, uninterrupted operation.
Obviously, In an ARM, delays can be expected to occur, for example, as vehicles are positioned
alongside the downloading submodule for unloading. Such delays can be minimized if vehicles
were aligned on two sides of the download submodule so that as one is being unloaded, the other
vehicle can be moved Into position. Nonetheless, other types of delays such as extended time
between the arrival of convoys from the CSA can be anticipated Assuming such delays will
occur, it is apparent that the download submodule will still have some dead time that could be
used for unloading other ammunition not requiring reconfiguration. The decision to use the
download submodule for such work would be dependent on a number of factors such as: "How far
away and what is the terrain like from the download submodule to the storage site where the
ammunition Is to be stored?" "Can the palletized ammunition be moved from the location of the
download submodule to the storage site by roller conveyors, or must it be picked up by a
conventional fork lift and moved to the storage site?" (See Figure 3). Comparisons of times
required by each alternative need to be made. It may be better to drive the long haul transport
vehicle directly to the storage site and offload It with conventional fork lifts.
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- Basic Configuration of an Ammunition Reconfiguration Module (ARM).

Although it is not within the scope of this study to fully explore these various alternatives
in depth, they are mentioned as a reminder to the reader that such alternatives are possible.
Decisions as to whether they should be implemented are dependent on the exigencies of the
situation.

2. Sortng Submadule - The detailed concept of operations for the sorting
submodule has not yet been defined In terms of sorting ammunition requiring repackaging
versus ammunition not requiring repackaging. However, this is not considered to be a key
consideration In this study. In the least complicated design mode, the sorting submodule would
automatically move the pelletized ammunition from the conveyor where it had been placed by the
downloading submodule, and queue it in position to be handled by the repackaging submodule, i.e.,
one line for changing the artillery projectiles from a wholesale package to a readyround
ammunition container (PAC) and a parallel line for changing 105 tank rounds and 4.2" mortar
rounds from a wholesale package to a RAC. If the queuing area Is not large enough to accommodate
all of the ammunition from the unloading submodule, then the sorting module would have to move
the ammunition to a buffer storage area where it could be held temporarily and then recycled by
the sorter Into the repackaging queuing area as required, or recycled via conventional fork lifts.
Under either condition, It Is apparent that the cycle rate of the sorting submodule should equal
that of the unloading module in order to avoid a bottleneck situation occurring between the
downloading submodule and the sorting submodule. The operating envelope of the sorting
submodule Is dependent on whether or not the conveyor rollers leading to the buffer storage area
and repackaging submodules are powered or not. If the sorting submodule were visualized ar

sitting beside a turntable, the envelope for the sorting (pushing) arm should be slightly less
than the diameter of the turntable. As shown In Figure 4, the diameter could be as small as 70
inches In accommodate the largest pallet or as large as 12 ft to accommodate several pallets on
the turntable at the same time. The practical size would perhaps be In the neighborhood of eight
ft In diameter so it could be transported without disassembly on the bed of the truck. See
schematic at Figure 4.
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Figure 4 - Sorting and Repackaging Submodules.

3. Rpacggig Sumodies- The repackaging operation is visualized as two
separate suomodules operating in parallel lines. Figures 5, 6, and 7 are schematics of the
155mm repackaging submodule as designed by the U.S. Army Tocele Depot.

UP-L.OAD STATION

PICK-4UP WEAD STATION

BUFFER ZONE

STATIN I PICK-UP STATION

FUW9 5 - Sketch of Conceptual 155mm Projectile Repackaging Submodule.

4-f-I~ I DI~kup unlodtatInm statir o

FjgUCa6,- 155mm Artillery Projectile Repackaging Submodulo Floor P ian.
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STATION 03
STATION 02

6ROtMET REMOVAL

REPALLETIZATION

STATION • I

PALLET TOP

PALLET SWEEP OFF

NOTIONAL PALLET

Eluutm - 155mm Artillery Projectile Repalletizing System.

Sketches are not available for the repalletizing system for I 05mm tank and 4.2 inch
mortar rounds. This system would be required to:

- Remove a box of ammunition from a pallet.

* Open the box and remove the fiber tubes irom the box.

* Open (cut) the fiber tubes and extract the bare round from the fiber
tuba

* Place the bare round in the Reaoond Ammunition Container (RAC).

* Discard the scrap materiel (box, fiber tubes, banding material and
pallet when empty).

NOTE: A prototype was des"gned by the FMC Corporation
which could be mounted on a vehicle or trailer the
approximate size of a five ton truck.
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Table 5 sws the required total number of rounds that must be repacked in order to issue
486.9 ST of 155mm. 366.4 ST of I 05mm and 216.7 ST of 4.2 inch mortar rounds per 24
hours, Thes quititles are representative of an ASP issuing a total of 1500 ST of ammunition
per dw which Is the quantity usd as the baseline in this study. As shown in Figure 4, it Is
visualized that one line would repackage 155mm artillery shells and a separate line would
repackap both 105mm tank rounds or 4.2 Inch mortar rounds.

The requirement for this study is to determine the operating rates at which the two repack
submodules must operate to meet the anticipated demand. If the ARM was able to operate as a
"factory in the field%, i.e., continuous food Into the repack submodules, no down time and
continuous demand for the output, then the operating rate could be determined easily by dividing
the rounds required by the time available

Repack Rate = Total Rounds Reauired

Total Operating Time

However, using this formula would provide rates such as:

* 0. 1015 Rounds per second.
* 6.0913 Rounds per minute.

These data are difficult to grasp, so a more meaningful calculation would be the time
available per round, which is the the reciprocal of the Rate.

TimeAvallable = Total Oerating Time
Total Rounds Required

The "Time Available" will be defined as the "Unit Repack Time". As used In this definition,
"unit" refers to one round, or "unit" of ammunition and is not associated with a combat "unit"
such as a company, battery, battalion, etc.

This formula would provide much more meaningful results such as:

e 9.85 seconds per round.
e 4.06 seconds per round.

For acmple, the brigade that is used in this study requires the following rounds, based on
an ARM flAu of 15WO ST par 24 hours.

Table S - Rond Rauirements. By Typiof Ammunitlion. For RaMacmglna.
Baed on an ARM Total of 1500 ST Per Day.

Type Ammo Rounds/24 Hours

155 projectile 8775

105mm Tank 10992

4.2 inch 10281

105rm + 4.2 Inch 21273
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If hemibmoduls or continuously for 24 hours, the maximum allowable Unit
Repack Tim would be

Table 6 - Unit Rmo Times. Bv Tvo of Ammunition. Based on a 24 Hours
Pmr 0., Oration. to Issue 1500 ST Par Day.

Type Ammo Unit Repack Times (Sec/Rnd)

I SS projectile 9.85

1 05mm Tank 7.86
4.2 Inch 8.40

1 05mm + 4.2 inch 4.06

Unfortunately, the ARM is not a "factory in the field". It is estimated that, at best, the
ARM would only operate for 22 hours a dW If It was not required to displace, and only 16 hours
per doy If a move is required. These reductions in time would require the following Unit Repack
Times to mee the anticipated demand:

Table 7 - Unit Rmnack Times. Y Tv. of Ammunition. Basd n 22 and 16 Hours
Per oQ, of ARM Ooaratj.

TypeAmmo Unit Repack Times (Sec/Rnd)

22 Hours 16 Hours

155 projectile 9.03 6.56

1 05mm Tank 7.21 5.24

4.2 inch 7.70 5.60

105am 4.2 Inch 3.72 2.71

D. R11111 oaJno ates

However, the rralities of war we such that it is not reasonable to assume that the ARM
will be able to opers continuously for either 16 or 22 hours. Other interruptions and delays
can be anticipated, even thouh they are not specifically known. ThIs means that the actual
repack rae must be increased, (and the Unit Repack Time reduced), i.e., the machines must,
work feer when they are running, In order to meet the demand.

A series of trade-offs must be made to determine the actual required rates that will
comiensate for the undefined but anticipated delays. For example

a The stockage of unpro (wholele pack) ammunition could be made quite
large to preclude any stoppage due to an empty Input hopper.
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b. The stockag of repacked ammunition could be allowed to get quite large during
periods of low &NO to preclude stoppage due to an ovwerly full output hopper.

c. The repack subma les could be ma to operate quite fast so that a large
quantity of ammunition would be repacked when the machines are actually operating

Unfortunately, alternatives a and b. defeat one of the purposes of the ARM which Is to
reduce the vulnerabilIlty of the forward ammunition issue facility by minimizing the stockag on
the ground. In addition, the ARM is meant to be a mobile facility that can "rapidly" displace.
Large stockage, In either the Input and/or output hoppers, negates these purposes.

It is generally assumed that, with the type of machinery used to repackage artillery, tank
and mortar ammunition, "faster is more expensive". Therefore, the repack submodules must
operate fast enou to meet the demand, but not excessively fast which would drive up he cost
and caum excessive Idle time In the field. The analytical trick Is to determine the required
operating rates that will meet the anticipated demand without having machines that are
excessively costly because they operate too fast, or require excessive input and/or output
stockage.

The analytical methodology that best addresses this type of problem Is "Queuing Theory'.

E. JIi T

Queuing theory deals with waiting in lines (queues) and service rates. It has wide
application - from bank tellers to production lines to gas stations. Simple queuing models deal
with "single-queue, single-server" situations. These problems are normally handled
analytically. More complex situations Involving "multiple queues and multiple servers" are
often best handled using a computer model to simulate the process under study.

NOTE: Doctor Stanley B. Gershwin of the Massachusetts Institute of
Technology has addressed some of the "Production Line" problems
associated with the ARM in his report, "Research In Advanced
Manufacturing Systems". He suggests a Hierarchical Control
Structure with three levels to schedule and control "tasks" and
to exchange and coordinate Information. Further, he proposes an
"Assemble/Digeermbly Network Methodology" for determining
"optimal" machine production rates and storage buffer sizes.
Dr. Sershwin's work may produce analytically developed Insights
into the problems assoclated with buffers and rates in the ARM,
but Is beyond the scope of this study.

Queuing theory usually starts with an expected arrival rate, or demands. In this study -
demands for ammunition (five pallets per hour, ten ST per day, seven rounds per minute) are
reprented by the Greek letter Lambda (a). The second variable associated with queuing theory
is the expected service rate. In this study the service rate is the repack cycle rate required to
meet the dmands (eiht rounds per minute, 17 ST per day, etc.) and is represented by the
Greek letter Mu (p).

The first DeIC law of queuing theory IS that p must be greeter than 1; that is, tMemean
srvIce rate must be faster thn the mean demand rate, (we must repack rounds faster than the
demm).

Pag 15



Another inhrent assumption is that demands arrive randomly or stachasticly. For
example, if the weage arrival rate Is five demands pe hour, then the demand can arrive
anytime within themhour. not one every 12 minutes. However, over a large sample, the aver
rate would beon domand every twelve minutes.

The service rate Is also assumed to be stochastic. However, over a long period It will
approach pa, the expected service rate.

I n this studtV, both of these assumptions are val id. Although the ARM may exercise sone
influence over the arrival of customer convoys, the realities of war dictate that there will be
randomtness to the actual arrivals.

In this section of this stud, lambda (it) is the "Demand Rate". it represens the rate at
which round are CmilrM in order to satisfy the anticipated demand

NOTE: In this cane, it does OU represent "Demand on the ASP" by the
arrival of combat unit convoys at the ASP.

Lambda can be express :

24 Hours

Hour

Minute

Second

Mu is the "Service Rate". This is the actual rate at which rounds must be repackaged In
orilor to meet the "Demand Rate*. If we had a perfect "factory In the field", with no down time at
all, then Mu, the repackaging production or "Service" rate could equal lambda, the Demand rate.
Howowe, this Is not at all realistic and can never be achieved Therefo, Mu must be roator
than lambda, which meets the first rule of queueing theory expressed previously. Like lambda,
Mu would also bescpreedas:

Time

In queuing theory, the ratio of lambda to mu ( A/ga) Is very critical. The formula for the
expecte number of customers, or unsatisfied demands (In the ARM It would be the number of
rounds welting to be repacked) waiting for service (repacking) Is:
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It M beuowthot If 1ip a I then:

nl a ._.. .L ,oo

I-1 0

This represents the "infinite queue". If Ap is very close to I then n, or the waiting line,
will be lon; If It Is O.S, then the average number In the queue will be one and If (p ( 0.5, the
xpected number in the queue will be loss then one. However, for p to get larger, causing k/p to

get smaller, then the repacking machines must operate (aster, which is assumed to be more
expensive

In ASI Report - 83-6, "Systems Analysis of The BRASS 2000 Concept" (Contract
DAAK1 -8 1-c-0085, Task Order 07) dated October 1983, we provided the details on an
analysis of Vpas it pertains to the ARM. In this study it was determined that the ration of t/p
should be in the range of 0.6 to 0.75.

Four "classic" queuing theory statistics were examined These were:.

n - the expected number waiting in the queue for service.

I -( p) P

- Po - the probability that zero items are waiting in the queue for service.

Po I-(A/p) , L ( 1

* Pn - the probablity that n (n - l, 2 ...n) items are waiting in the queue for service.

Pn" (A/p)n x (I -A/p) ,pA/p < 1,n-1,2. n

tw - theaverapwaitingtimeforantem in thequeuewaitingservice.

tw aL_- L 1.
p-L p p

3It Should be noted that thrm of the statistics (n, P0 and Pn) are independent of the
absolute values of lambda and mu and we sensitive only to their ratio. However, the fourth, tw
Is sensitive to the absolute values of lambda and mu as well as their ratio.

F*gre 8, 9, 1O, and I I show the characteristics of each of the four statistics as a
function of the ratio of &/£ The statistic tw will be dependent on the absolute value of lambda
nd mu but will follow the form shown In figure 11.
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The re1ldanalp ofttw to the absolute value of A. aid p Is Illustrated in Figure 12. Two
PlofaWShawn, 6M11 with a constant ratio ofa/i. In the first, L/It 0.60. Three values of A
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I1p, 1b IL tw

.60 0.3 0.5 3.0

.60 3.0 5.0 0.3
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F. imul Thmrv Analysis of The Remack Submodule.

Having dlmaesd the requirements of the Repack Submodule and having introduced queuing
theory, this section will now apply queuing theory to gain further insights into the operating
requirements of the Repack Submodule.

As shown earlier (in Table 5) the Repack Submodule is required to repack 155mm
projectiles, 105mm tank rounds and 4.2 inch mortar rounds. The pallet and packing
configuration of the artillery projectiles are significantly different from the tank and mortar
rounds (which are packed In very similar manner). Therefore the Repack Submodule would
actually have two separate operating lines, one for projectiles and one for the boxed ammunition
(105mm and 4.2 Inch) as shown in Figure 4.

In this study, 1500 ST per day has been the baseline case used for the ammunition that the
notional brigade would expend. However, it Is very reasonable to assume that this could vary,
202 (300 ST). Thus, it is reasonable that this study looks at the effect of total demand
requirements of 1200 ST, 1500 ST and 1800 ST per day, as shown Ir Tables 1, 2 and 3.

In our earlier discussions of the overall operation of the ASP/ARM It was recognized that
the ASP/ARM would not always be operational for a full 24 hours per day. Realistically, each
submodule would be down for maintenance. etc., at least two hours per day, and on some days the
ASP/ARM would have to displace to an alternate location. Therefore, the cases In which the
ASP/ARM Is operating for 16 and 22 hours per day are also of Interest.

In the previous discussion of queuing theory it was pointed out that the ratio of lambda to
mu was critical. In queuing theory, the ratio of lambda to mu must be less than 1.0 (/p < 1.0).
If we examine the case of /p a 1.0 analytically, we are actually looking at the Ideal case that
does not consider any of the random features of demand or service. It is the unrealistic case of
the "perfect factory In the field". In looking at the Repack Submodule, the case of A/p = 1.0 Is
the "best case", that is, the repack times available in that case represent the maximum times
that would ever be available. These are the times shown In Tables 6 and 7.

Table 8 through 16 attempt to tie all of these ces/variables together. Each table
examines the available repack times per round, per pallet and per ST for 155mm projectiles,
105mm tank rounds, 4.2 Inch mortar rounds and 105mm and 4.2 Inch rounds combined Data
are presented for a 22 hour work day and a 16 hour work day. Separate tables are presented for
demands of 1200 ST per day, 1500 ST per day and 1800 ST per day. Lastly, each case is shown
fori/ga U 1.0 (the Ideal "best case"),A/p =0.60 oand V/g =0.75.
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Table 8 - Ammo Repack Times with Lambd/lu - 1.00

1500 ST/DAY

Tvpe of Ammo: 155 rrim 105 rfn.o 4,2 in 105mmn + 4,2in

Expendtours
SRnMS/day 8775,00 10992. 00 10281.00 21273.00
SPalletuday 1097.00 362.78 257.00 619.78

" Tos/day 486.88 366.41 216.69 583.10

Repack/hr (22 hi')
SRId/hr 398.86 499.64 467.32 966.95

'PalIts/hri 49.86 16.49 11.68 28.17
Ton/hr 22.13 16.66 9.85 26.50

Repack/mm (22hr)
*Rrnds/mln 6.65 8.33 7.79 16.12
-Pallets/min 0.83 0.27 0.19 0.47
1 Tou/min 0.37 0,28 0.16 0.44

f~int/repack u22b)MIm/rpc 0.15 0.12 0.13 0&

'mIn/pallet 1.20 3.64 5.14 2.13
* rm/ten 2.71 3.60 6.09 2.26

Soc/rpack (22hr)
Sec/rnd 9.03 7.21 7.70 3.72

'Sec/pallet 72.20 218.31 308.17 127.79
'Sec/ton 162.67 216.15 365.50 135.3M

PRpaWk/hr (16hr)
* Rnds/hr 548.44 687.00 642.56 1329.56
"Palets/hr 68.56 22.67 16.06 38.74

Tons/hr 30.43 22.90 13.54 36.44

Repack/mn (16hr)
Swvmn 9.14 11.45 10.71 22.16

Pallewmin 1.14 0.38 0.27 0.65
*Tons/mm 0.W 0.38 0.23 0.61

lrwowra (161r)
* Mj/rd 0.11 0.09 0.09 0.05
a Mipellet 0.88 2.65 3.74 1.55

Mll/ten 1.97 2.62 4.43 1.65

Sec/repack (16hi')
* Sec/rd 6.56 5.24 5.60 2.71
• SeWlOItlet 52.51 158.77 224.12 92.94
* See/tan 118.30 157.20 265.82 98.78
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TO* 9 - Ammo Repack Times with LiKundh/M - 1.00

1200 ST/DAY

Type of Ammo: 155 mm 105 mm 4.2 in 105mm + 4,21n

ExPenciture

Rnds/day 7020.00 5793.60 0224.50 17010.40
"Pallets/day 877.60 290,22 205.60 495.82

Tom/day 389.50 293.13 173.35 466.40

Repck/hr (22 hr)
*Rnds/hr 319.09 399.71 373.85 773.56

Pallets/hr 39.89 13.19 9.35 22.54
'Tonshr 17.70 13.32 7.88 21.20

Repack/min (22hr)
'Rnds/min 5.32 6.66 6.23 12.89
"Pallets/min 0.66 0.22 0.16 0.38
* Tons/mln 0.30 0.22 0.13 0.35

Min/repack (22hr) ,0 .,
Min/rnd 0.19 0.15 0.16 O,.0
In/pallet 1.50 4.55 6.42 2.6
mIn/ton 3.39 4.50 7.61 2.83

Sec/repack (221vr)
"Sec/rnd 11.28 9.01 9.63 4.65
" Sec/pallet 90,25 272.89 385.21 159.73
'Sec/ton 203.34 270.19 456.87 169.78

Repack/hr (16hv)
Rnds/hr 43a.75 549.60 514.05 1063.65

"Pallee/hr 54.85 18.14 12.85 30.99
'Tons/hr 24.34 18.32 10.83 29.16

Repack/min (16hr)
Rnds/min 7.31 9.16 8.57 17,73

'Plles/mln 0.91 0.30 0.21 0.52
"Tons/mi 0.41 0.31 0.18 0.49

Mfi/ropik (16r)
Mfl/rd 0.14 0.11 0.12 0.06
Min/palet 1.09 3.31 4.67 1.94

* MIn/ton 2.46 3.28 5.54 2.06

Sec/repack (16hr)
" Sec/rmd 8.21 6.55 7.00 3.38

Sec/palllet 65.63 198.47 200.16 116.17
"Sec/ton 147.88 1%.50 332.27 123.48
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Tilt 10 - Ammo, Roe Times with Lana/flu - 1.00

1800 ST/DAY

Typeo ( : 155 mm 105 mm 42 in 10Smm + 4.2in

Expnam
* Rs/day 10530.00 13190.40 12337.20 25527.60
* Pallets/daV 1316.40 435.34 308.40 743.74
* Tons/ay 584,26 439,69 260.03 699.72

Repack/hr (22 hr)
SAds/hr 478.64 599.56 560.78 1160.35

" Plle irL.I 59.84 19.79 14.02 33.81
" Tons/hr 26.56 19.99 11.82 31.81

Repack/mi. (22hr)
Sros/min 7.98 9.99 9.35 19.34

I PalleWmmn 1.00 0.33 0.23 0.56
Tonh/min 0.44 0.33 0.20 0.53

Min/repack (221w)
"'tI/rnd 0.13 0.10 0.11

Mitn/pallet 1.00 3.03 4.28 1fl
'tIA/ton 2.26 3.00 5.08 1.89

Sec/repack (22tr)
" Sec/rod 7.52 6.00 6.42 3.90
" Sec/pallet 60.16 181.93 256.81 106.49
" Sec/too 135.56 180.13 304.58 113.19

RepAk/Itr (16hr)
"Rnds/hr 658.13 824.40 771.08 1595.40
" Pellets/hr 82.28 27.21 19.28 46.48
" Tons/hr 36.52 27.48 16.25 43.73

Repack/min (16hr)

Rnds/mln 10.97 13.74 12.85 26.59
Pollets/mln 1,37 0.45 0.32 0.77

* TOs/man 0.61 0.46 0.27 0.73

rmlirepack (16W1
* 'Wnrr 0.09 0.07 0.08 0.04
- tin/"plet 0.73 2.21 3.11 1.29

m 1i/tn 1.64 2.18 3.69 I.37

Sec/reopck (16hr)
" Sec/rnd 5.47 4,37 4.67 2.26
" Sec/pallet 43.76 132.31 186.77 77.45
" Sec/Ion 98.59 131.00 221.51 82.32
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T1A 1 - Ammo Repack Times with Lambdaflt - 0.60

1500 ST/DAY

Type of Ammo: 155 mm 106r M 42 in 105am 4,21n

Exwsdtures
Rrds/day 8775.00 10992.00 10281.00 21273.00

, Pallets/day 1097.00 362.78 257.00 619.78
,Tons/day 486.88 366.41 216.69 583.10

Rep akr (22 br)
'Rd/hr 664.77 832.73 778.86 1611.59
'Pallets/hr 03.11 27.48 19.47 46.95
iTons/ir 36.88 27.76 16.42 44.17

Repaeci/min (22hr)
Rnds/min 11.08 13.88 12.98 26.86

"PalleWmin 1.39 0.46 032 0.78
'Tos/mn 0.61 0.46 0.27 0.74

Min/repack (221r)
flan/rnd 0.09 0.07 0.068 4

hIN/pallet 0.72 2.18 3.08 128
ln/tan 1.63 2.16 3.66 1.36

Sec/repack (2L2r)
* Sec/rnd 9.03 721 7.70 3.72
'Sec/pellet 72.20 218.31 36.17 127.79
'SeC/to 1620 216.15 366.50 135813

R*WK/hr (16hr)
" Rn/hr 548.44 687.00 642.56 1329.56
" Pllet/hr 68.56 22.67 16.06 38.74
" TOM/hr 30.43 22.90 13.54 36.44

Repack/mn (lOft)

'Rnds/mIn 9.14 11.45 10.71 22.16
" Pallesmin 1.14 0.38 0.27 0.65
" Ton/mn 0.51 038 0.23 0.61

fil/rpc (16hr)
'file/rnd 0.11 0.09 0.09 0.05
'iln/pellet 0.88 2.65 3.74 1.55

'ile/ton 1.97 2.62 4.43 1.65

Sec/repack (16hr)
* Sec/rnd 6.56 5.24 5.60 2.71

Seculiet 52.51 158.77 224.12 92.94
Sec/ton 118.30 157.20 265.82 98.78
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Tae 12 - Amno Repack Times with Lanbdlu - 0.60

1200 ST/DAY

Type of Anm: 155 mm 105 mm 4.2 in 105am 421n

Expmturo
Rnds/day 7020.00 8793.60 8224.0 17018.40

SPallets/day 877.60 290.22 205.60 495.82
ToM/day 389.50 293.13 173.35 466.48

Repao/hr 422 hr)
" Rnds/hr 531.82 666.18 623.09 1289.27
" Pallets/hr 66.48 21.99 15.58 37.56
* To/hr 29.51 22.21 13.13 35.34

ePaWk/m (22hr)
'Rids/min 8.86 11.10 10.38 21.49
'Plile/min 1.11 0.37 0.26 0.63
'Tons/rm 0,49 0.37 0.22 0.59

rMn/reack (221r) .
'Mis/rd 0.11 0.09 0.10 006
"iSln/palt 0.90 2.73 3.65 1.60

Inll/ton 2.03 2.70 457 1.70

See/repack 21W)
* Sec/rod 11.28 9.01 9.63 4.65
S.oc/ollet 90.25 272.89 385.21 159.73

'Sec/ten 203.34 270.19 456.87 169.78

Repack/t (16hr)
SReds/hr 438.75 549.60 514.05 1063.65

* Pellets/hr 54.85 18.14 12.85 30.99
'Tons/hr 24.34 18.32 10.83 29.16

Repack/ndn (16hr)

'Rnds/m 7.31 9.16 8.57 17.73
*P lllI*min 0.91 0.30 0.21 0.52
n Te/moi 0.41 0.31 0.18 0.49

Mism/resa (161wu)
* lMg/PIN 0.14 0.11 0.12 0.06
" llg/Pill t 1.09 3.31 4.67 1.94
0rlm/to. 2.46 3.28 5.54 2.06

Sec/repack (16h)
" Se/rnd 8.21 6.55 7.00 3.38
"Sec/pallet 65.63 198.47 280.16 116.17
SSee/ton 147.88 1%.50 332.27 123.48
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T"e 13 - MM Repack Times with LAMba/l - 0.60
1800 ST/DAY

Type ofr Amm: 155 mm 105 mm 4,2 In 105ram + 4,21n

q ds/dAy 10530.00 13190.40 123720 2"327.60
* Pallets/day 1316.40 435.34 308.40 743.74
0 Tons/day 554.26 439.69 260.03 699.72

Reu/hr (22 hr)
Reds/hr 797.73 999.27 934.64 1933.91

'Pallets/hr 99.73 32.90 23.36 56.34
v Tons/hr 44.26 33.31 19.70 53.01

epacmmm (22hr)
'Rnr/min 13.30 16.65 15.58 32.23
'Pallets/min 1.66 0.55 0.39 0.94
* Tons/main 0.74 0.56 0.33 o

Min/repack (22hr)
Sl Irnd 0.06 0.06 0.06 413

"IlWiI/t 0.60 1.82 2.57 1l6
M Min/ton 1.36 1.80 3.05 1.13

Sec/repack (22hr)
Sec/rnd 7.52 6.00 6.42 3.10

SSK/pallet 60.16 181.93 256.81 10649
'See/ten 135.56 180.13 304.58 113.19

Repack/hr (16hr)
'Rnds/v 658.13 824.40 771.08 1595.48
* Pallets/hr 82.28 27.21 19.28 46.48
* Tons/hr 36.52 27.48 16.25 43.73

Repck/mIn (0 lr)SRds/men 10.97 13.74 12.85 26.59

0 Pallets/min 1.37 0.45 0.32 0.77
* Tens/mhi 0.61 046 0.27 0.73

flm/reMca (l1r)
O rr4 0.09 0.07 0.06 0.04
'lM#/pIlet 0.73 2.21 3.11 1.29
'AtN 1.64 2.1a .69 1.37

Sec/repack (16hr)
SSec/rmd 5.47 4.37 4.67 2.26

'Sec/pallet 43.76 132.31 106.77 77.45
'Sec/ton 9e.59 131.00 221.51 82.32
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Table 14 - Ammo Repack Times with Lambla/M" 0.75

1500 ST/DAY

Type of Amod: 155 mm 105 mm 4.2 In lOSmm + 4.21n

Expenditures
* Rnd/day a775.00 10992.00 10251.00 21273.00
"Palletslday 1097.00 362.7e 257.00 619.78
* Tons/day 486.88 366.41 216.69 583.10

Repack/hr (22 hr)
* Rnds/hr 531.82 666.18 623.09 1289.27
0 PalleLts/r 66.48 21.99 15.58 37.56
* Tons/hr 29.51 22.21 13.13 35.34

Repeck/min (22hr)
" Inds/min 8.86 11.10 10.38 21.49
" Pallets/min 1.11 0.37 0.26 •0.63
" Tons/mn 0.49 0.37 0.22 0.59

Mlin/repack (22hr)
, 'in/rmd 0.11 0.09 0.10 0.05
" Min/pallet 0.90 2.73 3.85 1,60
SrfIn/ton 2.03 2.70 4.57 1.70

Sec/repack (22hr)
Sec/rnd 9.03 7.21 7.70 3.72

* Sec/pallot 72.20 218.31 308.17 127.79
o SOc/o 162.67 216.15 365.50 135.83

Repack/hr (16tr)
" Rlds/hr 54.44 687.00 642.56 1329.56
" Plloihr 68.56 22.67 16.06 38.74
" Tons/hr 30.43 22.90 13.54 36.44

Repsa/mIn (16hr)a 'Rds/mn 9.14 11.45 10.71 22.16

'Palles/min 1.14 0.38 0.27 0.65
a Tos/mm 0.51 0.38 023 0,61

rin/rspack (16hr)
* fMn/md 0.11 0.09 0.09 0.06
* ffn/pallet 0.88 2.65 3.74 1.5
O' Mi/to n 1.97 2.62 4.43 1.65

Secrepack (16hr)
* Sec/rnd 6.56 5.24 5.60 2.71
'Sec/pallet 52.51 158.77 224.12 92.94
-Sec/ton 118.30 157.20 265.e2 90.70
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Tile 15 - Afnmo Repack Times with Lamrd/lu - 0.75

1200 ST/DAY

Type of Amn: 155mm 105 mm 4.2 in 1056m + 4.2in

£xpenclturas

" RndWdsy 7020.00 8793.60 8224.80 17018.40
" Pillets/day 877.60 290.22 205.60 495.82
" Tons/day 389.50 293.13 173.35 466.48

Repack/hr (22 hr)
*Rids/hr 425.45 532.95 498.47 1031.42
' Pllets/hr 53.19 17.59 12.46 30.05
' Tons/hr 23.61 17.77 10.51 28.27

ReAk/min (22hr)
Rads/mn 7.09 8,88 8.31 17.19

'PalleWmin 0.89 0.29 0.21 0.50
'Tons/n 0.39 0.30 0.18 0.47

nM/rpack (22hr)
* fto/rd 0.14 XI-4 0.12 b.06
* Ili/pMIlet 1.13 <3.41 4.2 2.00
Sin/ton 2.54 3.38 5.71 2.12

Sec/repak (22hr)
'Sec/rnd 11.28 9.01 9.63 4.65
* Sec/Pellet 90.25 272.9 385.21 159.73
* Sec/ton 203.34 270.19 456.87 169.78

Repack/hr (16hr)
" ids/hr 438.75 549.60 514.05 1063.65
" Pllets/hr 54.85 18.14 12.86 30.99
" Tons/it 24.34 18.32 10.83 29.16

Repack/n (16Ihr)
'Rnds/men 7.31 9.16 8.57 17.73
"Paile/mtn 0.91 0.30 0.21 0.52
rTs/mn 0.41 0.31 0.18 0.49

Mbi/rpc (16r)
* P'llrid 0.14 0.11 0.12 0.06

ill/palet 1.09 3.31 4.67 1.94
rn/ton 2.46 3.28 5.54 2.06

Sec/rewck (16hr)
'Sec/rid 8.21 6.55 7.00 3.38
'Sc/pallet 65.63 198.47 280.16 116.17
'Sec/tOn 147.88 1%.50 332.27 123.48

Pop 29



Tie 16 - Afm Repack Times with IwbW/lu .. 0.75
1800 ST/DAY

TyIp of Amm: 156 mm 106 mm 4.2 In 106m & 4.2in

"Rads/day 10530.00 13190.40 12337.20 25527.60
" Pallets/day 1316.40 435.34 30.40 743.74
" Tos/day 584.26 439.69 260.03 699.72

Repck/hr (22 hr)
SRnds/hw 638.18 799.42 747.71 1547.13

"Pallets/hr 79.75 26.38 18.69 45.07
'Tos/hr 35.41 26.65 15.76 42.41

Rpack/min (22hr)
Rds/min 10.64 13.32 12.46 25.79

'Pallts/min 1.33 0.44 0.31 0.75
Tons/mm 0.59 0.44 0.26 0.71

Mrn/ropack (22hr)
'lmin/rd 0.09 0.08 0.08 .004
* lin/plileL 0.75 2.27 3.21 1.33

M fin/ton 1.69 2.25 311 1A1

Sec/rpack (22hr)
"Sc/rmd 7.52 6.00 6.42 3.10
" Se/pllet 60.16 181.93 256.81 106.49
*SO:An 135.56 180.13 304.58 113.19

Repack/hr (161w)
Rds/whr 658.13 824.40 771.08 1595.48

* PalleWhr 82.28 27.21 19.28 46.48
Tons/hr 36.52 27.48 16.25 43.73

Repack/mmn (OW)
'Rds/mag 10.97 13.74 12.85 26.59
* Pallets/lmin 1.37 0.45 0.32 0.77
* Toe/min 0.61 0.46 0.27 0.73

Plln/repac (161-)
0iB/rd 0.09 0.07 0.08 0.04
0l 1pllllet 0.73 2.21 3.11 1.29
aMI Vfto 1.64 2.10 3A69 1.37

Sac/repac (16W)
" Sec/rd 5.47 4.37 4.67 2.26
" SKIcplote 43.76 132.31 186.77 77.45
'Sec/tao 90.59 131.00 221.51 82.32
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The best (mot timsaveilable) of the realistic cases (I.e., A/p < 1.0) Is the case shown In
the top helf (22 ers) of Table 15. The total demand Is 1200 ST nd,/p - 0.75. The worst
cae is the botim half ( 16 hours) of Table 13. The total demand Is 1800 ST and Vp - 0.60.
Tabls II and 14 represent the range of the expected operating environment and should be used
In developing the basic operational requirements for the Repack Submodule of the ASP/ARM.

Given the subjectiveness of the input data used In this analysis, the data presented In
tables 8 through 16 should be interpreted as "providing Insight, trends and boundaries" as
opposed to absolute values, HOWe~r, these data do indicate that, in order to satisfy a nominal
demand, the repack submnodule must be capable of repacking one 155mm Artillery projectile at
least every five secondo end either one 105mm tank or 4.2 Inch mortar round at least every two
second These requirements will present significant challenges to the designer. The alternative
Is to have additional repack submodules In the ASP/ARM so that parallel lines are available.

6. Quel 0 ThM ,v Anlvsis of The Uplnmi-S,,mcdile

With this discussion of queuing theory as a base, an examination of the upload submodule
will be medt The Upload Submodule performs similar but opposite tasks than the download
submodule. It will be required to pick up Reeround Ammunition Containers (RACs) from
either the ground or a platform and place them on a combat unit's trucks.

NOTE: In this study it Is assumed that a RAC will be approximately the
sam sle and weight as the current logistics pallet The reduction In
packaging material In the RAC will be compensate for by the increased
weight of the material in the empty RAC. This assumption Is necessary
as there are no RCs available to measure.

A single RAC will contain only one type of ammunition. Table 17, shows the type of trucks
available and ammunition the customer units would pick up.

Table 17 - Truck and Ammunition Tv= For Each TvMe Battalton Receiving
Raoecka" Ammunition,

TYPE OF AMMUNITION

TYPE SN TYPE OF TRUCK 105mm 4.2 In. 155mm Projectile

TANK 0 TON YES YES NO

MECN. INF. 5 TON NO YES NO

ARTILLERY 10 TON NO NO YES

It is further assumed that:

* The PACs for 105mm and 4.2 Inch ammunition would be very similar In size
and eligt

* Trucks In the tank battalion convoys may be loaded with:
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ee All tank ammunition.
so All mortar ammunition.
ee A mix of some tank and soniu mortar ammunition.

It should be amplified that only the RACs containing the repackaged 105 mm and 4.2
rounds nd 155 mm projectiles will be loaded by the upload submodule. The other ammunition
will be upluWd at or near the field storage location (See sketch at Figure 3) by conventional
Rough Terrain Forklifts (RTFLs). The loading of this ammunition, which represents less than
302 of the brigades total, will not be discussed further in this report

The base case that has been discussed is the case in which the ARM Is required to Issue
1500 ST of ammunition In 24 hours. However, as with the repack submodule, it is unrealistic
to assume that the outload submodule will be able to operate for a full 24 hours without
interruption. Therefore, two other cases will be examined; 22 hours per day and 16 hours per
ay. The 16 hours would be indicative of the operating time available when the ARM must
displace (move) to a new location.

In addition to looking at these two operating times, two other rates will be examined
Twelve hundred ST for the brliade per day of demand would represent a day at the low end of the
spectrum. Reduced demand could be caused by weather, operating posture (defense vs offense),
mission priority, restricted supply rates, etc. On the other end of the sepectrum, 1800 ST per
day would represent surge conditions.

The required time, for the developmental item that will eventually be the outload
submodule, to agm a pallet weighing one ST or less, from a flat bed trailer to a roller
platform, is 20 seconds per cycle. As the weight of the pallet Increases, up to a mmimum of two
ST. the allowable cycle time increases up to a maImum of 45 seconds. Therefore, these two
cycle time values, 20 and 45 seconds, plus a mid-value of 30 seconds per cycle will be
examin8d

If the brigade is being issued 1500 ST of ammunition per day, then 1070 ST will require
repacking. This figure drops to 856 ST per day if the issue total Is only 1200 ST per day and
goes up to 1284 ST per day if surge conditions exist and the brigade requires 1800 ST per day.
(The trader is reminded that the outload submodule is only concerned with that ammunition that
has been repacked).

If the brigade is receiving 1070 ST of repacked ammunition, then the combat battalions
will end 35 onv"y iW day, totaling 116 Trucks, of which 98 will be ten ton trucks and 18
will be five ton trucks Thus the "Average Truck" will require 9.2 ST to load it. (NOTE: These
darevm etred from ASI Report 85 -10 "Wargaming Analysis ofAmmunition Flow Rates",
which was mentioned in the preface to this report).
Average truck load

U(98Trucks x 10ST/Truck),( 18Trucks x 5 TITruck) - 9.22 ST
116 Trucks Truck

Tlhe aeraonvoV will consist of 3.3 trucks (116 trucks + 35 convoys - 3.3 trucks/convoy).

If the eg lea per truck Is 9.22 ST, and assuming the average lift for the outlod
mINulb Is one ST, then mh "Averoa Truck" would require 9.22 cycles. At a cycle rate of 20

uA (a 3 Lifts pr minut), It would reulre 3.06 minutes to load each truck.
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(9.2 + 3.. _) = 3.06 Minmu
Truck Minutes Truck

The total time ruired to load an average convoy of 3.3 trucks, at 3.06 minutes per truck
is 1. 13 minutes per convoy.

This same logic can be used for each case as the load cycle rate and total tonnage
requirements vary.

With these data, the values of lambda and mu can be calculated, and with lambda and mu
known, the various queuing theory statistics can be calculated

As discussed above, lambda (it) represents the rate at which customers (Combat Unit
Convoys) arrive for service. (NOTE: This is different than the lambda used earlier In the
analysis of the repack submodule). Thus:

Tt - Q UM - 35 Q- 1.6 Conoys

Operating Hours 22 Hours Hour

Mu is a measure of the Service Rate, that is, the time required to load one convoy.

p LOW T.Jn
Convoy

NOTE: Lambda and mu must be in the some units (Event/Time Unit).
Since lambda Is in convoys per hour, mu must be expressed In the same
unit Therefore, mu, as used in this section of the study is calculated by
dividing 60 Minutes/Hour by the average time required to load the
average convoy.

Mua60Minute + l0.13l tUWAs 5.9 1W&W
Hour Convoy Hour

Once lambda and mu have been established, then the queuing theory statistics can be
calculated In dealing with the outload submodule, we will calculate:

n a The expected number of convoys waiting to be serviced (loaded).

PO - The Probability that zero convoys are waiting to be serviced

Pn - (N - 1, 2, 3, 4). The probability that n convoys are waiting to be

serviced,

tw a The average wating time (in hours) for a convoy that is In the queue.

T - The total time ( In hours) a convoy Is in the ARM, waiting plus being
Serviced

(Tatw +ts).
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Eh of thus stAistics will be calculated for 18 different cases. The vriables that
estalish thme cum art

* Total ST Issued 1200 ST, 1500 ST and 1800 ST.
* ARM Operating Hours: 16 and 22 hours.
* Cycle Rate 20, 30 and 45 seconds.

Table 18 displays the results of these calculations.

Figures 13, 14, 15 and 16 illustrate the relationship of selected outload submodule
operating variables and the computed queuing theory statistics.
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Table 18 an Figures 13 through 16 provide several insights into the operation of the
outlW .. *A expected dition of Issuing 1500 ST p day, requires outlading
1070 5T ci rop 'mmunition. This would require an average of 35 convoys per day. The
submodule Mhould b able to meet the requirements, even if the ASP/ARM displaces and there are
only 16 hours available for operations. Only if the cycle time averages 45 seconds per cycle
does the ratio of /pexceed 0.75 and caution must be taken. If the demand Is reduced 202 to
1200 ST per day, there are obviously no problems. However, If surge conditions exist and the
brtgae requires 1800 ST of ammunition, then the situation becomes much more sensitive. If
22 hours are available, then the ratio of pi stays under 0.75, but it apprcaches 0.75 If the
cycle rate Is 45 seconds. However, If the ASP/ARM displaces, then there are only 16 hours
available for operations. If the cycle rate Is 45 seconds all of the trucks will probably not get
lcded. In fact, if the cycle time exceeds an average of 35 seconds, the system Is In Jeopardy, as
the ratio of £p4 will exceed 0.75. Figures 13 and 14 show what happens to the expected number
of convoys waiting for service as a function of 3/l (Figure 13) and as a function of cycle time
(Figure 14). Figure 15 illustrates how waiting time (w) increases with cycle time. Lastly,
Figure 16 shows the decrease In Po and thus the Increase in Pn, n 0 (See Figure 10) asthe
cycle time increases.

H. Disoosal of Scrap Material In an ASP/ARM

A major concern of any ASP/ARM commander operating in a forward area of a battlefield
will be the handling and disposal of scrap material generated by reconfiguring the high volume,
high density ammunition such as the 155mm projectiles, 105mm tank rounds and the 4.2 inch
mortar from their wholesale packaging to a "reactyround" ammunition container (RAC). If the
situation permits, the scrap material can be transported to a safe distance from the ASP/ARM
and burned However, the burning of the scrap material creates a signature that can be seen for
many miles by an enemy. It is also labor intensive to move the scrap material and to burn it A
second alternative is to bury it or grind it up and bury It. This requires the services of some
type of grinding and earth moving equipment and Is time consuming and labor Intensive. This
operation also provides an increased signature for an enemy to observe and thus determine the
location of an ASP/ARM.

NOTE: In many foreign countries the local nationals will haul aowy
the scrap for free Just to get the wood However, since tactical
security may preclude this option, the following information is
presented

Table 19 provides a summary of the quantities of scrap material that can be expected to
ecoumulats durien a124-hour period of operation of an ASP/ARM. That is Issuing 1500 ST of
ammunition per day. The Information contained in Table 19 is based on a notational brigade
consuming of 1500 ST of ammunition per 24-hour period. The scrap material is generated by
reconfiguring the 155mm projectiles, 105mm tank and 4.2 inch mortar ammunition. An
additional, relatively small quantity of scrap material will be generated by the preparation of
mixed pallets of small caliber ammunition, which is not Included In Table 19. By weight, scrap
is 99 e combination of wood, particle board and paper. However, each pallet of 105mm and
4.2 inch mortar ammunition also generates four each 16-18 foot long steel bands for a total of
2184 bend (34.944 linear feet). Each 155mm pallet generates two bands six feet long for an
additional 2222 bend totaling 13,332 linear feet. Thus, in one day, the ASP/ARM would need to
dispose of almost 250 ST of burnable material plus 4400 steel bands equaling 48,276 linear
fat or 9.14 miles.
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0 I

Table 19 - crM (lmrated By a Tvoical ASP/ARM Durlno a 24-Hour Parlod.

24 Heur Total *Wt/Pollet Number of *Lbs. scrap Total scrap Total scrap
Type Ammo Demnd (Tons) (Lbs.) Pallets per Pallet (Lbs.) (Tons)

I55ram ProJ. 458 873 1111 40 44,400 22.22

I 05inm Tank 344 1728 423 738 312,174 156.00

4.2" Mortar 216 3468 123 1140 140,200 70.11

496.794 248.33

*Source: WARS Report RCS-CSOLD 1322 (RI)
Part 1 -C, 30 Sept 1983.

Under current operations ammunition Is Issued to the combat units in its wholesale
shipping configuration. The scrap material is generated in the combat unit's areas where the
problem is even more critical as labor is of a greater premium and the signature left by the
scrap material In the forward combat area is of even greater consequence.

As can be seen from the above, it is apparent that the disposal of scrap material generated
by the operation of an ASP/ARM In a forward area represents a formidable problem, the
resolution of which should be given priority attention. Current technology provides the
capability to rapidly shred such materials to reduce the volume.

NOTE: If the wood boxes and fiber containers from one ASP/ARM
Issuing 1500 ST per day were shredded they would completely fill
twenty 8 x 8 x 20 foot MILVAN or ISO containers each day. Other
technology applications may provide less labor intensive/time
consuming solutions.

V FINDINGS

1. Fourteen types of ammunition and propellant consisting of the 155mm projectiles,
I 55mm propellant, I 05mm tank rounds, 4.2 inch mortar round, TOW, DRAGON and STINGER
missiles, 66mm, 40mm, 25mm, 50 caliber, 45 caliber, 7.62mm and 5.56mm will satisfy the
primary recurring demands of a typical brigade (See Table 1).

2. Ammunition to be reconfigured from the wholesale packaging to a ready- for-use
tactical package is the 155mm projectile, I 05mm tank round and the 4.2 Inch mortar. These
three rounde represent 70.23 of the total daily tonnages normally flowing through an ASP/ARM
(See Table I ).

3. Items to be issued in the same configuration in which they are received generally
consist of the I 55mm propellant, 66mm round, TOW, DRAGON, and STINGER misslles, and the
small caliber ammunition such as the 40mm, 25mm, 50 caliber, 7.62mm and 5.56mm rounds.
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4. Amwuaft to be repaletized Into a mixed load consists primarily of the 40mm and
small cailbr I olber. Slihtly different mixes are required for a tank company versus a
mechaniUd Inft*y company versus a field artillery battery. It Is not feasible to prepare a
mixed pellet for an engineer company (See Table 4).

5. The cycle rate of 20 seconds for the download submodule of an automated ARM Is
dictated primarily by the objective of having an ARM operational within a period of two hours
after arrival at a new site. Operating at this rate, the download submodule will experience dead
time that could be utilized for downloading ammunition not requiring repackaging. Several
factors must be considered before executing such an alternative.

6. The cycle rate for the sorting submodule will depend on the final design and assigned
functions of the submlule, the concept for which has not been fully developed as of the time of
this study. As a general rule, the cycle time of the sorting submodule should be directly
correlated with that of the downloading submodule to preclude "bottlenecks" from occurring
between the downloa submodule and the sorting submodule.

7. The cycle rate for the 155mm repackaging submodule in support of a heavy brigade, In
a mid-intensity European scenario, is about five seconds per round based on a 22 hour operating
day, or an eight round pallet every 40 plus seconds. Basedon a 16 hour operating day, a round
would be required to be processed about every four seconds or a pallet every 25 seon

8. Based on the same seen&io as indicated in Finding 7. above, the 105mm line would
require a cycle rate of five seconds based on a 22 hour work day, and 3.5 seconds based on a 16
hour work dy.

9. Under the some conditions as Indicated in Findings 7 & 8 above, the cycle rate for the
4.2 Inch mortar would be five plus seconds based on a 22 hour work day and about four seconds
ban ona 16 hour work day.

10. If the I 05mm and 4.2 inch rounds were both required to be repackaged using the
some repackaging line (as visualized by the original concept), the cycle rate per round would be
increased to about 2.5 seconds based on a 22 hour work day and less than two seoonds based on a
16 hour work day.

11. The design of the uploading submodule will be similar to that of the download
submodule, with te exception of the design of the end effector. This will be influenced by the
final deign of the rewayund ammunition container (RAC). Therefore, the cycle rate of 20
secal r isuauts If this is not achievable, a cycle rate of 35seconds or less, as a maximum,
would still be a workable alternative.

12. Scrap material generated as a result of reconfiguring ammunition from its wholesale
package to a tactical package, from a single day's operation will total almost 250 ST
of burnable material (wood, particle board and paper) and approximately 48,276 linear feet
(9.14 miles) of steel banding material. Disposing of this material will present major problems
In the Reconfiguration Module.
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Vl WNCLUSIM

I. The AmWU1ton Reconfiguration Module (ARM), with four submodules, can operate in
the vicinity of tWiAmmunltlon Supply Point (ASP) to support a brigade that requires
approximately 1500 ST of Ammunition per 24 hours.

2. From a design and engineering point of view, the repacking submodule presents the
greatest challenge as the times available to repackage rounds are restrictive, particularly if the
ASP/AR M displaces and only 16 hours per day are available. This is also the only submodule
whose operations can not be augmented The other three submodules (Unload, Sort and Outload)
can be augmented with conventional forklifts should the workload exceed the capabilities of the
ubnodule machinery. However, If the workload warrants, a second repack submodule can be

inserted in the ARM.

3. The queuing theory analysis of the submodules tends to integrate the randomness of the
battlefield and adds credence to the results.

4. The problem associated with disposing of the scrap material caued by repacking is a
major problem that must be considered.
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